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ANALYSIS OF TillH VISUAL OBSCURATION PROIDLJCEI) BY CURREINT

ARTILLERY AND MORTAR DELIVERED WP AND HC SMOKE

1. INTRODUCTION

1.1 Background.

A test was conducted at Fort Sill, Oklahoma from 8-15 December,
1975 in which single and multiple rounds of white phosphorus (WP) and
hexachloroethane (HC) were fired from the 105mm and 155mm howitzers, and
WP from the 60mm, 81mm and 4.2 inch mortars. The proponent of the test
was the i1, Army Materiel Systems Analysis Activity which was supported
by the U S Army Field Artillery Board and the 1! S Army Field Artillery
School.

The objectives of the test were to:

a. provide baseline data for artillery and mortar smoke
munitions using current techniques and procedures as outlined in the
training literature (TC 6-20-5),

b. obtain data for use in validating the JTCG/ME Smoke
Obscuration Model,

c. provide data for an evaluation of the attenuation of
current artillery and mortar delivered WP and l1C smoke at the 0.4-0.7,
0.7-1.1, 3-5, and 8-14 micrometer (Lt) regions of the spectrum,

d. provide data for an evaluation of the effect of WP and
HC smoke on the TOW and DRAGON missile systems,

e. provide data for an evaluation of the effectiveness of
the AN/TAS-3, 4, and 5 night vision devices, of crew served weapons
systems and of the M37 gunner sight in a WP and JIC smoke environment
during day and night firings,

f. provide data for an evaluation of the time history of
visibility between target and observer.

This report addresses objective f from the list above. Test
objectives c, d and e were addressed in AMSAA Technical Report 183.
The Field Artillery School is using the information from the test to
update this personnel training and smoke utilization techniques
(objective a). Another division within AMSAA is utilizing the data to
validate the JTCG/MIvf Smoke Obscuration Model (objective b). The
material in this background section is presented in order to familiarize
the reader with the objectives, concept and conduct of the Ft. Sill
Smoke Test.
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Operationally, the effectiveness of the cloud and screen were
assessed relative to obscuring stationary targets from observers who were
positioned on the western periphery of the target area. Smoke screens
were formed by single and multiple rounds of WP and ItC munitions. The
firings were conducted by one battery of 155mm howitzers, one battery of
105mm howitzers, one platoon of 4.2 inch mortars, one platoon of 81mm
mortars, and one platoon of 60mm mortars. The batteries and platoons
were registered prior to each day's firings. Each caliber was fired
separately with missions being fired in the morning and afternoon. Night
firings were conducted with the 155mm IIC, 105mm HfC and the 4.2 inch WI)
to measure the effect of smoke on the night vision devices and for
possible tactical employment. At least one mission for each 4.2 inch
WP, 105mm ItC and 155mm IIC was fired to maintain a smoke screen for
approximately 10 minutes.

The effectiveness and characteristics (size, geometry, formation)
of the screens were documented visually and by instrumentation through
use of cameras, video recorders, photometric-radiometric equipment and
night vision equipment.

The test was fired by artillery and infantry units attached
to the U S Army Field Artillery School. In a controlled test environ-
ment, rounds which are statically detonated to control placement of the
smoke cloud and cloud dimensions could produce different results. The
battery/platoon exercised practices and procedures which are necessary
for the delivery of timely and accurate fire. Thus, this test pro-
duced results which more realistically represent an actual field
operation.

The test site is shown in Figure 1.1. The site consisted of
the following: the command post, two firing positions, three meteor-

ological towers, which recorded wind speed, wind direction and temper-
ature at 1/2 meter, 4 meter and 16 meter heights, three stationary
targets, four observation posts and a bunker which, in addition to
providing a base from which to operate instrumentation for other phases
of the test, also operated as an observation post.

The instrumentation, personnel and equipment at each location
consisted of:

(!) FEBA: (Includes grid area forward of FEBA)

5 -8 feet by 8 feet panels

2 - 5 kilowatt/60 Hertz generator

2 - Beacon (DRAGON/TOW)

1 Light Source (for Ballistic Research Laboratories,
BRL)

S~8



Figure 1. 1 Layou~t of Test Range af Ft. Sill Showing the
Location of the Targets, Bunker and OP's,
Command Post, Meteorological Towers,
Registration Point and Firing Positions.
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1 - IR Source (for BRL)

1 - Contrast Disc (for BRL)

2 -, CONEX (for BRL)

- M60 Tanks (1 with IR source and 1 backup)

1 - Black Box with 4-feet by 4-feet opening

1 - 36-volt direct current source

(2) BUNKER:

(a) Inside:

1 - 35mnm camera (50mm lens)

1 - DRAGON system

2 - DRAGON Night Sight (AN/TAS-3 and AN/TAS-5)

2 - Transmissionometers (BRL)

4 - TA 312 Telephone with headset

I - Pyroelectric vidicon

(b) Outside:

1 - CONEX

I - 10 kilowatt/60 Hfertz generator

(3) ATMOSPHERIC SCIENCES LABORATORY (ASL) TOWERS - 3 each

1 - 5 kilcwatt/60 Htertz generator

I - 25-Meteorological Van (at Scuth Tower only).

I - 10 kilowatt/60 Hertz generator (at Meteorological
(Van). All meteorological equipment were installed
on towers by ASL.

(4) OBSERVAFION POSTS:

(a) All Observation Posts.

1 - 35mm Camera with appropriate Tens

1 Tripod

I 0A



1 - TA 312 with headset

1 - 1/4 Ton (or 5/4 ton) with AN/VRC-46 with driver.

1 - Observer/recorder

3 - Stadia markers

(b) Observation Post 1 (same as (a)) plus Crew Served
Weapon System.

(c) Observation Post 3 (same as (a)) plus

1 - Sony Video Recorder

1 - Visual Contrast Measure

1 - Visibility measurer

1 - 1.5 kilowatt/60 Hertz generator

1 - TA 312 with headset (additional)

1 - CONHX

1 - N160AI Tank/M32 and M36 sights

1 - TOW system

2 - Night Sight (TOW) AN/TAS-4

1 - M32 Gunner's sight

(d) Observation Post 4 (same as (a)) plus

1 - Sony Video Recorder

1 - 1.5 kilowatt/60 Hertz generator

1 - TA 312 with headset

(5) IIELICOPTER UII-1:

1 - 16mm camera

(6) Three stadia rods, marked at 1/2 meter intervals, were
placed at observation posts 1, 3 and 6. The purpose of these stadia
rods was to reference cloud height for photographic interpolation.
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(7) Observers positioned at each of the observation posts

recorded time history of visibility between target and observer.

1.2 Analysis Objectives.

The purpose of this report is to analyze the time history of
visibility between the targets and the observers. All observations
by the observers were made with the unaided eye. The obscurations re-
sulting from each type of smoke round were evalUated to determine the
effects of observer lines of sight and the number of rounds fired. The
variability due to the type of smoke round fired is also investigated.

AMSAA Technical Report, Number 183 addressed the following
items: the attenuation through smoke of the 0.4-0.7, 0.7-1.1, 3-5,
and 8-14 micrometer regions of the electromagnetic spectrum, the
effect of smoke on the I)RAGON and TOW weapon systems, and the effect
of smoke on the AN/TAS-3, 4 and 5 night vision devices.
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2.1 Analysis Summary.

The data from each of the observer positions were first grouped
as to the type of smoke round fired and then the number of rounds fired.
It was found that the largest sample of missions was obtained by
selecting the 2, 4, and 6 round firings of the 155mm and 105nmi (WP
and IIC) artillery and the 4.2 inch WP mortar, and the 1, 3, and 6
round firings of the 81mm and 60mm (WP) mortars. These missions were
then used in the analysis.

The average time from impact to obscuration and the average
time of obscuration for each type of smoke round and number of rounds
fired were calculated and plotted for each of the observer positions.
The data obtained from OPl, 0P3, OP6, and the Bunker were used in this
analysis since they were more complete. Data from UP4 were incomplete
and, therefore, were not used in the analysis. Time history plots of
these data were generated for each OP as a function of the number and
type of rounds fired. The plots were then examined to determine if they
followed the logical sequence that might be expected, taking into con-
sideration the prevailing meteorological conditions, the average round
impact area, and the typical behavior of the type of rounds being fired.
.An overlay showing the targets, OP's, round impact area, and meteorological

conditions was made for each type of smoke round to aid in this analysis
and is included in this report. Also shown on this overlay is the
screening efficiency of the platoon/battery size firings as determined
at each of the observer positions. The screening efficiency gives somemeasure of the availability of the target when smoke is present. The

screening efficiency (SE) is defined as,

S F time target obscured
total time

where the total time is from impact, through obscuration, and until time
of target detection. These measures ass'Lsted to envisage the relation-
ships among the observer positions for the missions analyzed.

An Analysis of Variance (ANOVA) was performed to determine if
the number of rounds fired and the observer positions had any signifi-
cant effect on the time of smoke obscuration. An ANOVA was performed
for each type of smoke round fired in the test.

When a battery fires one volley (6 rounds), one may expect a
significant increase in the time of obscuration over the time when only
two rounds are fired. The ANOVA showed, however, that there was no
significant difference at the 0.05 level of' significance i,. the duration
of obscuration due to an increase in the number of rounds fired. (Only
missions of one to six rounds were considered). This then would seem to
imply that obscuration of a point target would best be accomplished by
firing one or two rounds followed at some time interval by one or two

13
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additional rounds. The interval then would depend on the type of round
being used, meteorological conditions, etc. When a larger cloud is
desired to obscure several targets, it would be necessary to fire more
rounds with the proper dispersion. Duration of obscuration would not
significantly increase, but the length of the smoke cloud would increase.
In that case, cloud length is the more desired result.

The ANOVA also showed that in this test the observer position
had no significant effect on the duration of smoke obscuration at the
0.10 level of significance. Even though the observer positions varied
greatly in distance to the targets (from 510 to 1750 meters) and also in
the angle of incidence to the line of the smoke clouds, no statistically
significant difference was found. The time to obscuration did vary more,
however. These differences were more a result of the wind conditions and
the placement of rounds in relation to the targets and observer positions.
Differences in the time to obscuration should be expected because of

ithe aforementioned factors. What was stressed by this analysis, how-
ever, was the fact that even though there were differences in the duration
of the obscuration due to the positioning of the observers, they were not
statistically significant at the levels tested,

The effect of these two factors (number of rounds and observer
positions) vas not significant at even higher levels of significance
for some types of rounds than those previously stated. These levels of
significance are shown in Table 2.1. This table is intended only to
stress the fact that the number of rounds fired and the observer position
did not significantly affect the duration of the smoke obscuration, and
also to show a summary of the ANOVA results for each type of round. The
table should not be -ised to compare capabilities between the rounds,
Those comparisons should be made by using the average time to obscuration
and average time of obscuration for each type of round as found in
Section 3.

TADBLE 2.1 Signifi,:snce Levels (from F tables) where Factors
No Longer Significantly Effect the Time of Obscuration.

Significance Level of Factor

__ee Sokoke H'ctor Observer Position Number of Rounds

155mm WP .10 .25

1s5nmm HL. .25 .10

4.2 rnchb WP .25 .05

105mm hIC .2S .25 .•

20Smm WP .10 25

81num WP .25 .10

60mm WP .10 .05

14

. .. ... ..



After examining each type of smoke round separately, the
obscuration ability as observed from the bunker .ias analyzed. Figure
2.1 shows the time history of the average mission as observed from the
bunker. The time histories are functions of the type of smoke round
and the number of rounds fired. It appears from these graphs that
there is a significant difference in the time of obscuration among the
various types of smoke rounds. An Analysis of Variance showed that
(again) the number of rounds did not significantly affect the obscura-
tion time, even at the 0.25 level. However, the analysis showed that
the type of round fired was highly significant. A Newman-Keuls range
test was applied to examine the effects among the types of rounds
(Reference 1). The test showed which type of round is significantly
better than another type of round at the 0.05 level of significance.
These comparisons are detailed in Section 3.9 and are summarized in
the coIclusions, Section 2.2.

Since the number of rounds fired in a single volley and the
observer positions were not significant factors affecting the time of
obscuration, the data were combined. An average time to obscuration and
time of obscuration were calculated for each type of smoke round. The
standard deviation was also calculated. This type of information should
be useful to a forward observer in determining the type of rounds he
needs to fulfill his mission requirements.

2.2 Conclusions.

Based on the analysis of the observer data from the Ft. Sill
Smoke Test, the following conclusions are reached:

a In smoke missions of one to six sivultaneously fired
rounds, there were no significant differences in the
duration of the obscuration due to the different observer
positions or the number of rounds fired. Although duration
did not significantly increase with the number of rounds
fired, the width of the smoke cloud and thus the total area
obscured does increase (due more to good round dispersion
than number of rounds fired).

e The 155mm HC was significantly better as it pertains to smoke
duration than all the other types of rounds (a=0.05). The
4.2 inch WP and the 155mm WP were significantly better than
either the 81mm WP, the i05mm WP, or the 60mm WP smoke
rounds. The 105mm HIC was significantly better than either
the 105mm WP or the 60mm WP. There were no significant
differences in the visual obscuration capabilities of either
the 155mm WP, the 4.2 inch WP or the 105mm HC smoke at the
0.05 level.
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_____________NO. OF ROUNDS
r 1..

155mm HC ~ .~2

4.2"W 2

l55mmWP 21

'405mmW 1C

81 MM nWP2

60mmWP1

4.24 WP4

155mmWP 4

10O mm HC I.. 4

8lnvnWP 3

lO5mrnWP 4

60nmWP 3

l55mm HC 6

4.2" 6

L55rMMWP 6

105mm HC 6

81mmWP 6

lO0mmWP 6

0 20 40 60 80100 120140160 180 200 220240260 280300
TIME (SECONDS)

Figure 2.1 Time History of Obiscurotion of the Average Missions as Observed
from the Bunker. Round(s) tImpact is at Time 0 and the
Obscuration is Shown by the Shaded Area.
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3. DETAILS OF ANALYSIS

3.1 Description of 9ata.

Army Field Artillery observers from the U. S. Army Field Artillery
School wc•e deployed at five observation posts located on the periphery
of thv impact area, as shown in Figure 3.1. One observer was stationed
at each observation post (OP). Using the observer-target line between
the bunker (B) and the center target as a reference line (00), the
line-of-sight angles and distances between the OP's and the center target
are given below in Table 3.1.

TABLE 3.1 Observer to Target Angles and Distances

Observation
Post Angle to Target Distance to Target (Meters)

1 -470 1040

3 -280 1350

Builke• 00 520

4 380 1550

6 790 1750

The observers were instructed to record the time of impact,
the timeL!) when obscuration occurred, the time to target detection
and the time to target recognition. For the purpose of this analysis,
only the first three items were considered. Observer commentary was

also encouraged.
From these data, the time from impact to target obscuration

and the time the target was obscured were determined for each of the
observer positions and for each type of smoke round. Data from OP4
was iractional and incomplete. Therefore, only OPl, OP3, OP6, and the
bunker data were used in this analysis.

The analysis endeavors to show relationships among the observer
positions, round impact area, and meteorological conditions. The
average time to obscure the target and the average time of obscuration
were calculated for each obzerver position, type of round, and number
of rounds. The analysis assumes that the center target is under
obscuration, unless stated otherwise. The instructions to the fire
direction center were to place the rounds approximately 50 meters in
front of the targets and upwind from the targets.

17
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OP6

OP4
S

METRO TOWER

WSTATIONARY TARGETS

BUNKER + ÷ .METRO TOWER

OP, METRO TOWER
• OP3

OP1

• FP: 60MM

* COMMAND POST

FP: 105MM, 155MM
4.2 INCH, 81MM

FIGURE 3,1 LOCATION OF OBSERVER POSITIONS (OP1, OP3,
OP4, OP6, AND BUNKER) DURING THE FT, SILL SMOKE TEST,
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3.2 155MM White Phosphorus.

As shown in Figure 3.2, the rounds impacted slightly south and
in front of the south target. In general, a lapse condition existed
during these missions. Here, and throughout the report, a lapse
condition refers to a decrease in temperature with increasing altitude.
Wind velocities shown are those reported by the meteorological stations.
With the wind blowing generally from the south at about 8 miles per hour,
the smoke should drift over the other targets as time progresses.
Since WP is a quick smoke, the smoke should build up rapidly in the area
of the sough target, obscuring the targets from the observer at OPN first,
OP3 second, bunker third, and OP6 last. Logically, this is how the smoke
should behave.

Figures 3.3a and 3.3b show the average time to obscuration and
the average obscuration time at the four OP's for 2, 4, and 6 rounds.
These figures show that the time to obscuration does increase going
clockwise around the targets from OPN to OP6. An Analysis of Variance
(ANOVA) was performed on the time of obscuration data to determine
whether the observer position or the number of rounds fired had a
statistically significant effect on the time of obscuration. rhis
analysis showed that the effect of the observer position on the time
of obscuration was not statistically significant at the 0.10 level of
significance. The number of rounds fired was not statistically signifi.
cant at the 0.25 level. For an explanation of Analysis of Variance,
statistical inference, tests of hypotheses and level of significance,
see refevence 1. (Any subsequent reference to significance in this re-
port refers to statistical significance).

Although neither factor had a significant effect on the time
of obscuration at the levels tested, this does show that the observer
position had more effect on obscuration time than did the number of
rounds fired, since the observer position factor could not pass the test
at the 0.25 level. Observer positions varied in distance-to the target
and angle of incidence to t e smoke, so a greater effect is expected.
What may be unexpected, however, is the fact that obscuration time did
not significantly increase with the number of rounds fired. The most
probable explanation for this is that the higher concentration of smoke
produced by the larger number of rounds fired is redundant to a visually
unaided forward observer. The smoke rounds will all diffuse at approxi-
mately the same rate, so a doubling or tripling of the obscuration time
is not expected with the proportionate increase in the number of rounds
fired simultaneously. Increases in obscuration time can be expected for
multiple rounds which are appropriately placed upwind of the targets.
However, when attenuation of weapon system IR track links and thermal
night sights is desired, the greater concentrations of smoke are
required. (See AMSAA Technical Report TR-183).

19 .



TIME TO/OF SCREENING
OP OBSCURATION EFFICIENCY

1 4.8/78,6 SEC n,94

OP6 3 25.5,76.6 SEC
"54/102 SEC 0.65

6 84/228 SEC 0.73

OP4

BUNKER, ÷*-- IMPACT
AREA 100'M

OP3I

Opal
FP: 60MM

8 .3 MPHj LAPSE

FP: 105MM, 155MM
4.2 INCH, 81MM

FIGURE 3.2. WIND CONDITIONS AND ROUND iMPACT AREA OF THE 155MM
WP SMOKE IN RELATION TO THE OBSERVER POSITIONS,
SCREENING EFFICIENCY AT EACH POSITION IS ALSO
LISTED FOR THE 6 ROUND MISSIONS,
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Figure 3.4 is another representation of the information pre-
sented in Figures 3.3a and 3.3b. in this figure, however, it is easier
to see the position-to-position variation in the time to obscuration,
The increase in time to obscuration going from OPI to OP6 is due to the
round impact area and the direction of the wind, as shown in Figure
3.2. As stated before, variation among the positions in the time of
obscuration is not significant. The average of the 4 round missions
did show a period of target obscuration common to all positions from
68 seconds to 90 seconds after impact.

The screening efficiency gives some measure of the availability
of the target when smoke is present. The screening efficiency at each
position for the average six round mission is shown in the table in
Figure 3.2. These show that the best screening efficiency (0.94) occurred
from the position upwind from the targets (OP). This ;hould be obvious,
since the time to obscuration is very short from this position. Screen-
ing efficiency at OP6 should be lower due to the increase in the time
to obscuration (0.73). Lower still, however, was the screening efficiency
from the bunker (0.65). This is due primarily to the proximity of the
bunker to the targets as compared to the greater distances associated
with the other observer positions.

3.3 155WM Ilexachloroethane.

Figure 3.5 shows the general location where the rounds impacted
and the direction and velocity of the wind in relation to the observer
positions. The wind was generally from the north and the impact area
was generally north of the three targets. The smoke should obscure the
targets from OP6 first, Bunker second, OP3 third, and OP1 last as the
wind carries the smoke past the targets.

Figures 3.6a and 3.6b show that, in general, the time to
"obscuration did increase from OP6 counterclockwise to OPI, hut only
slightly. The analysis of variance on the time to obscuration data

showed that neither the observer positon nor the number of rounds fircd
had a significant effect on the time of obscuration at the 0.25 and 0.O0
levels of significance, respectively. Although neither factor was
significant, this analysis does indicate that the number of rounds
fired had a greater effect on obscuration, just the opposite of the
result obtained with the 155mm IVP missions discussed in Section 3.2.
This may be due to the difference in behavior of the two types of smoke.
The WP pillars and diffuses rapidly, while the HIC remains closer to
the ground and diffuses slower. Thus, the higher concentration produced
by the greater number of rounds should maintain a screen sufficient to
obscure the targets from the observers for a longer period of time.
But again, the increase in obscuration due to increasing the number of
rounds fired is not statistically significant. The tendency of the
155mm HC to maintain a uniform screen also accounts for non-variability
due to the observer position,
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TIME TO/OF SCREENING
OBSCURATION EFFICIENCY

1 80/137.5 SEC 0.63
0P6 i7.4MPH, LAPSE [
SOP6 3-L Z2.5/115 SEC 0.f61

"!iI • L.17. 5/142, SFEC 0.8 .

6 30/90 SEC 0.75

OP4

IMPACT

BUNKER• AREA

IO0
OP3

OP1

FP: 60MM

FP: 105MM, 155MM
4.2 INCH, 81MM

EIGURE_3,5, WIND CONDITIONS AND ROUND IMPACT AREA OF THE 155MM
HC SMOKE IN RELATION TO OBSERVER POSITIONS.
SCREENING EFFICIENCY AT EACH POSITION IS ALSO
LISTED FOR THE 6 ROUND MISSIONS,

25

., .. ... ,.,,



Q C

UJ UJ ~

L 0

4% 0
C*4 ce

U- 0

0

I I I I I
0 0 000

ko -0

262

. . .. . . .. .



1w*1

0Z~

e5I

ju

2:
E

-n 0

0

(1)

(SaN0D@S) 9WII1
E

// z

C C

LU

NC

0 %0

0 W)

LC)



Figure 3.7 shows more clearly the tendency of the time to
obscuration to increase going from OP6 to OPI. This J,,irease iF due
to the rovnd impact area and wind conditions as shown in Figure 3.5.
It should be noted that the results shown for the 4 round firing is
for a single mission which had excellent results. The 2 and 6 round
missions are averages over several missions. The results are still
quite representative of an actual firing situation, however. Figure
3.7 also shows pericls of obscuration common to a7" positions. The
period was from 65 to 140 seconds after impact with 2 rounds, 100 to
210 seconds with 4 rounds and 80 to 120 seconds with 6 iounds.

Logically, the screening efficiency should be highest at OP6
(where smoke build up time is short) and lowest toward OPi and OP3 (where
"the smoke must drift past the targets before obscuration occurs). The
bunker may also have a low screening efficiency since it is much closer
to the targets. The screening efficiency resultF shown in the teble
in Figure 3.5 for the 6 round missions showed this result 4ith the "
exception of the bunker. A very high screening efficiency was obtained
by the bunker observer.

3.4 4.2 Inch White Phosphorus.

Figure 3.8 shows -:he general impact location of the rounds and
the direction and velocity of the wind in relation to the observer positions.
The wind direction is similar to that associated with the 155mm WP
missions, except, that wind velocity is greater for the 4.2 inch WP
missions b) a factor of app.'oximately two. Thus, the targets should he
obscured first from OPl, then OP3, the bunker, and finally OP6 as the
smoke moves northward.

The 4.2 inch WP smoke behaved differently from either the 155mm
WP or the 155mra HC smoke. It is characteristic of the 155nmm WP to obscure
rapidly but, it also pillars and diffuses rapidly. The 155mm 1IC takes
longer to build up but lingers near the ground and remains much longer
than the 155mm WP. The 4.2 inch NP behaved more like a hybirj of the
other two. It built up rapidly to obscure the targets after impact
and remained near the ground instead of pillaring. Its four round
screening efficiency, as shown in Figure 3.8, is higher than the 155nmm
1P at every observer position, even though the wind velocity during the
4.2 firings was approximately twice as great.

Figures 3.9a and 3.9b show the tendency for the time of obscura-
tion to increase aF the number of rounds increases. The figures also
show the tendency of the time to obscuration at the OP's to increase
going clockwise around the target from OPl to OP6. 'he analysis of
variance of the obscuration data showed that the effect of the observer
position was not significant at the 0.25 level of significance. However,
the effect of the number of rounds was greater, and was not significant
until the 0.05 level. This Cs similar to the result obtained with the
155mm HC missions. The 4.2 inch WP b-haved more like [IC once it had
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TIME TO/OF SCREENING

OP OBSCURATION EFFICIENCY

1 5.3/112.5 SEC n, 95
0P6 3 5.8/73 SEC 0.93
"0 j21.4/ 67.5 SEC 0.76

6 35/117.5 SEC 0.77
OP4

BUNKER + -- IMPACT
AREA I1006M

OPi

* FP: 60MM

13.5 MPH, LAPSE

FP: 105MM, 155MM
4.2 INCH, 81MM

FIGU.RE.Lai WIND CONDITIONS AND ROUND IMPACT AREA OF THE 4.2INCH
WP SMOKE IN RELATION TO OBSERVER POSITIONS.
SCREENING EFFICIENCY AT EACH POSITION IS ALSO LISTED
FOR THE 4 ROUND MISSIONS.
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fully built up, staying close to the ground and not pillaring. A lapse
condition did exist on the days of the 4.2 inch WP missions so there
was nothing preventing the smoke from pillaring, such as an inversion
condition. The burst characteristics of the 4.2 inch WP smoke round are
different from those of other WP smoke rounds, so this could account for
the differences in behavior. This tendency for the smoke to remain near
the ground producing a uniform screen could account for the non-variability
of the time of obscuration among the observer positions.

Figure 3.10 shows the tendency of the time to obscuration
to increase as the smoke moves from south to north, thus obscuring
the targets from OPN first and OP6 last. The results for the 6 round
firing are for one mission only, whereas the 2 and 4 round firings are
averages over several missions. Periods of target obscuration common
to all observer positions shown iT, Figure 3.10 are: 55 to 75 seconds
after impact for 2 rounds, 35 to 80 seconds after impact for 4 rounds, and
60 to 140 secands for the 6 round mission.

3.5 105mm Hexachloroethane.

Figure 3.11 shows the general round impact area and the wind
conditions. As shown, the impact area was a little too far south of the
targets for the wind to carry the smoke past all the targets. The im-
pact area was generally in line with OPl and OP3. Thus, obscuration at
these two positions should occur first. Obscuration of the targets to
the bunker and OP6 may be irregular because of the poor placement of
the rounds.

The screening efficiency of 6 rounds of 105mm HC, as shown in
Figure 3.11, indicates that this is the case. The screening efficier.y

at OPN was very good; this was followed by OP3, OP6, and the bunker.
Figures 3.12a and 3.12b also show this to be ture. Generally, the time
to obscuration was low for OPN and increased for OP3, OP6, and for the
bunker. Excluding the 6 round mission data where a moving tank was the
target, the data shown on these figures in,'icate that increasing the
number of rounds fired does not necessarily increase the time of obscur-
ation. With the number of rounds fired increasing fron 2 to 4, the
time of obscuration increased for OPI and OP6 and decreased for OP3 and
the bunker.

An analysis t.f variance of the time of obscuration data, both
including and excluding the 6 round tank target fi.issions, was performed.
Both analyses showed that neither the observer positon nor the number
of rounds fired had a -ignificant effect on the time of obscuration,
even at the 0.25 level of significance. The F statistic was so low for
the effect of the number of rounds that an d of 0.99 could reasonably
be assumed. The lack of variation in the times of obscuration due to
the number of rounds could be due to the poor placement of rounds. This
may also explain the non-variability due to observer position.
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TIME TO/OF SCREENING
OP OBSCURATION EFFICIENCY
1 L0/190 SEC n.q5

OP6 3 40/60 SEC 0,6
" B 8Z341-6 SEC 0.42

6 40/55 SEC 0,58

OP4

9.4 MPH, LAPSE

BUNKER '- IMPACT
AREA , ,

OP3
00

Oht

FP: 60MM

FP: 105MM, 155MM
4,2 INCH, 81MM

FIGURE 3,11. WIND CONDITIONS AND ROUND IMPACT AREA OF THE
105MM HC SMOKE IN RELATION TO OBSERVER POSITIONS.
SCREENING EFFICIENCY AT EACH POSITION IS ALSO
LISTED FOR THE 6 ROUND MISSION,
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Figure 3.13 shows how the targets were obscured quickly at OPI
and OP3. It also shows the inconsistencies in the time of obscuration
data, sometimes increasing and sometimes decreasing, while the number
of rounds increases. Periods of target obscuration common to all ob-
server positions were experienced from 51 to 115 seconds after impact
during the average 4 round mission and 59 to 95 seconds after impact
during the average 6 round mission (tank target).

3.6 105mm White Phosphorus.

Figure 3.14 shows the weather conditions that prevailed during
the firing of the 105mm WP rounds, and also the general impact area of
the 105mm WP rounds. The rounds impacted near the north target, with
a few rounds impacting behind the targets. The 105mm smoke rounds
exhibited a high degree of pillaring. Uniform screens were rare and
short lived. Due to the behavior characteristics of this round and the
poor round placement, the time of obscuration at the various observer
positions may not follow any logical pattern, as was generally exhibited
by the types of rounds discussed in some of the previous sections of
this report.

The screening efficiency of the average 6 round 105mm WP mission
is shown in the table in Figure 3.14. The highest efficiency was exhibited
from OPl. In most of the missions, several rounds impacted about 100 meters
in front of the north target. The smoke was blown toward the south,
obscuring the center target from OPl. In several of these missions, rounds
also impacted in front of and between the center and south targets.
These impact points were very close to the line of sight between the
center target and OPl, thus contributing to a higher screening efficiency
from ONl. Due to the geometry of the test layout, impact points and
wind direction, the other OP's had lower screening efficiencies than OPl.

Figures 3.15a and 3.15b show that the best obscuration occurred
at the two extreme positions, OPl and OP6. The analysis of variance
showed that the effect of the observer position on the time of obscur-
ation was not significant until the 0.10 level. The effect of the number
of rounds was not significant until the 0.25 level. While neither effect
was statistically significant, this analysis does support the observation
made from Figures 3.15a and 3.15b that, although not highly significant
statistically, the durations of obscuration were generally greater at
OPI and OP6.

Figure 3.16 shows the time history of the obscuration for the
average 2, 4 and 6 round missions. No periods of obscuration common to

all observer positions were observed. If round placement had been more
accurate, the results might have followed a more logical sequence of
obscuration. With the large amount of pillaring exhibited by this
j.ound, however, a significant improvement in obscuration abilities may
only be realized with near perfect round placement.
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TIME TO/OF SCREENING
OP OBSCURATION EFFICIENCY

i L0 4.6143 SEC! n,81

OP6 3 26.67/12.5SEC 0,32
j.B 12.2/12.4 SEC 0 .

6 4C n.4

OP4 14.2 MPH, LAPSE

%-IMPACT
BUNKER ' AREA

1O00M

0P3

OPI

FP: 60MM

FP: 105MM, 155MM
4.2 INCH, 81MM

FIGURE 3.14. WIND CONDITIONS AND ROUND IMPACT AREA OF THE 105MM
WP SMOKE IN RELATION TO OBSERVER POSITIONS.
SCREENING EFFICIENCY AT EACH POSITION IS ALSO LISTED
FOR THE 6 ROUND MISSIONS,
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3.7 81ne i White Phoecphorus.

Figure 3.17 shows the weather conditions and round impact areathat prevailed during the average 81mm firing mission. Because of the

delivery accuracy, all firings were not usable; consequently, a total
of only five missions provided useable data. There was some coverage
of the center target, generally being obscured from the bunker first
and then OPN. On the one mission where data were available from- OP3,
obscuration occurred there last. A large amount of pillaring o!:curred
during the 81mm WP missions; thus, most of the smoke rose above the
observer and target line of sight.

The screening efficiency of the average 3 round mission was best
at the bunker and OPl. For the two missions analyzed, the rounds generally
impacted about 100 meters in front of the north target. The wind blew
the smoke south where the center target was obscured best from the bunker
and OPl. There was no explanation fjom either the film or observer data
as to why OP3 did not experience similar obscuration. The largest con-
centration of smoke occurred approximately 100 meters downwind from the
impact points and not at the impact points themselves.

Figure 3.18 shows that the time of obscuration generally in-
creased with the number of rounds fired, as did the time to obscuration.
Fhe analysis of variance showed that the number of rounds fired had no
significant effect on the time of obscuration at the 0.10 level. It
also showed that the observer position had even less effect on the time
of obscuration, not becoming significant until the 0.25 level of
significance. Figure 3.18 supports this analysis showing more effect

due to the number of rounds than was due to the observer position.
Neither was highly significant statistically, however.

The time history of obscuration for the one, three, and six
round 81mmr WP missions is shown in Figure 3.19. A period of obscuration
from 15 to 40 seconds af•ter `-,p.iact common to ONl and the bunker was
observed during the single round mission. A period of obscuration from

42 to 67 seconds common to OPI, OP3, and the bunker was noted for the 3
round (platoon) missions. Both of these; periods were 25 seconds long,
indicating the period of time that can be expected when a target may be
visually obscured from the observer by one to three rounds of 81mm WP
smoke.

3.8 60i= White Phosphorus.

Figure 3.20 shows the prevailing meteorological conditions and
round impact area during the average 60mm WP mission. The general out-
come of the delivery accuracy did not produce effective smoke screens
for all missions. Consequently, all the missions f:red were not used
in this analysis. The 60rmn WP rounds pillared above the impact point
which caused holes in the smoke scrsen, so the multiple round missions
did not produce effective smoke screens. The smoke from rounds impact-
ing in front of the targets was sulaetimes blown back toward the
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TIME TO/OF SCREENING
OP OBSCURATION EFFICIENCY

1 30/55 SEC 0.65

OP6 3 L44/25 SEC 0.37
"B 22.5/52.5SFC AlA
6 NO DATA --

0P4
3.2 MPH, LAPSE

oQ -IMPACT AREA

BUNKER +

OP3

j: 1 FP: 60MM

FP: 105MM, 15SMM A

4.2 INCH, 81MM

FIG.UR.E WIND CONDITIONS AND ROUND IMPACT AREA OF THE 81MM
WP SMOKE IN RELATION TO THE OBSERVER POSITIONS.
SCREENING EFFICIENCY AT EACH POSITION IS ALSO
LISTED FOR THE 3 ROUND MISSIONS.
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TIME TO/OF SCREENING
OP OBSCURATION EFFICIENCY
1 0.5/15.5 SEC n,62

OP6 3 NO DATA -

""B 8,3/15 SEC 0,64
6 15/15 SEC o .

OP4
0

BUNKER &--IMPACT AREA

SI I

6 MPH, LAPSE
OP3

OO

o FP: 60MM

FP: 105MM, 155MM
4.2 INCH, 81MM

F _.IGUL.320, WIND CONDIT!ONS AND ROUND IMPACT AREA OF THE
60MM WP SMOKE IN RELATION TO THE OBSERVER POSITIONS.
SCREENTNn: EFFICIENCY AT EACH POSITION IS ALSO
LISTED FOR THE 3 ROUND MISSIONS.
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1).

target. However, no increase in obscuration time was observed for the
various observer positions. Usually, obscuration only occurred when a
round impacted near the line of sight.

The screening efficiency of the average 3 round mission was
fair for the amount of time the smoke was present. The smoke built up
quickly but diffused quickly also.

Figures 3.21a and 3.21b show the time to obscuration and time
of obscuration of the 60mm WP missions studied. Generally, the time
of obscuration increased as the number of rounds fired increased. The
analysis of v'-ivnce showed that neither the number of rounds fired
nor the observtr position had a highly significant effect on the time
of obscuration but were more significant statistically during these
missions than during most of the other calibre firings. The observer
position was a significant factor until the 0.10 level and the number
of rounds fired was significant until the 0.05 level. At these levels,
these two factors were no longer significant. This does show, however,
that the position of the observer did not affect the time of target
obscuration as much as the number of rounds fired.

The time history of obscuration lor the one, three, and six
round 60mm WP missions for each observer position is shown in Figure
3.22. As shown, the single round mission provided very little smoke
and was essentially ineffective. The three round missions were an
improvement, with a period of obtcuration common to all observers from
15 to 23 seconds after impact. The six round missions showed more
improvement, with an increase in the time of obscuration and a conmmon
period of obscuration from 20 to 25 seconds after impact. Removing the
OP3 data which are based on only one mission, the common period of
obscuration increases to 16 seconds, being obscured from 15 to 31
seconds after impact. This further supports the analysis showing that
the effect of the number of rounds was more significant than the position
of the observer on the amount of target obscuration cbtained.

3.9 Comparison of Obscurations for the Various Types of Smoke Rounds.

A comparison of the effects of the types of rounds from each
observer position is not necessarily plausible, because the problem is
confounded by varying wind conditions and round impact areas for each 3
type of smoke round fired. Si:nce the bunker was directly in front of
the three targets, and since the line of sight was generally perpendi-
cular to the formation of the smoke clouds, the bunker was chosen as
the position where a reasonable comparison may be performed. The average
time of obscuration at the bunker for each type of round is shown in
Table 3.2. T.. and T. are summations of the average time of obscuration,

for the type of round and the number of rounds, respectively. T.. is
the summation of all the averages. These values are used in calculating
the values in the ANOVA table. Although Table 3.2 shows differences in
the time of obscuration for the various factors, the ANOVA will determine
if either factor significartly affects the time of obscuration.
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TABLE 3.2 Time of Obscuration (Seconds) for Each Type of
Round as Determined at the Bunker. (*=Tank Target)

Number of
Rounds 155WP 155HC 4.2WP 10SHC 105WP 81WP 60W" Ti.

1,2 70 121.5 63.75 112.5 10 30 0 407.75
3,4 80 175 67.5 60 13.75 52.5 15 463.75

6 102 142.5 130 41.6* 17.5 45 21.25 419.85

T. 252 439 261.25 214.1 41.25 127.5 36.25 1371.35
T..

The ANOVA table for these data is shown in Table 3.3. The
table shows that there is no significant difference at the 0.25 level
(F =1.56) due to the number of rounds fired. The effect of the

.25,2,12
type of round, however, was highly significant. It was significant up
to the .001 level (F 0 0 1 6 1 2 =12.97).

TABLE 3.3 ANOVA for the Bunker Data.

Source df SS MS F

Between treatments 20 48305.33

Type of round 6 40309.99 6718.33 10.92

Number of rounds 2 615.32 307.66 0.5

Error 12 7380.02 615

Since the ANOVA shows that there are significant differences

in the effects due to the types of rounds, it is desirable to investigate
further the means of the types of rounds. The Newman-Keuls range test
can be applied to examine these effects (Reference 1). The 0.05 level of
significance was used in this test. The mean times of obscuration (Y..)
are arranged in order of magnitude as follows:

15SHC 4.2WP 155WP 105HC 81WP 10MWP 60WP
T. 439 261.25 252 214.1 127.5 41.25 36.25

'. 146.333 87.083 84 71.367 42.5 13.75 12.083

(1) (2) (3) (4) (5) (6) (7)

The numbers in parentheses are used later in the test to refer to the types
of rounds being compared in the range test; for example, 155Wc is (1),
4.2WP is (2), etc.
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The standard error of a treatment (type of round) mean is

sý.j --6ý15 9.37

The tabled ranges, Z (.05), for p = 2,3,...,7, are,

p,12(

Z2 ,1 2 (.05) = 3.08

Z3 , 1 2 (.05) = 3.77

Z4 , 1 2 (.05) = 4.2

Z5 , 1 2 (.05) = 4.51

Z6 , 1 2 (.05) = 4.75

Z7 1 2 (.05) = 4.95

and the least significant ranges for this example are,

R = (9.37) (3.08) = 28.9

R = (9.37)(3.77) = 3S.3

R4 = (9,37)(4.2) = 39.4

R5 = (9.37) (4.51) = 42.3

R6 = (9.37) (4.75) = 44.5

R7 = (9.37) (4.95) = 46.4

Testing the calibre averages,

(l)-(2) = 59.2 > 28.9*
(l)-(3) = 62.3 > 35.3*

(l)-(4) =f 75.0 > 39.4*

(1)-(S) =103.8 > 42.3*

(l)-(6) =132.6 > 44.5*

(l)-(7) =134.2 > 46.4*

(2)-(3) = 3.1 < 28.9

(2)-(4) = 15.7 < 35.3

(2)-(5) = 44.6 > 39.4*

(2)-(6) = 73.3 - 42.3*
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(2)-(7) = 75.0 > 44.5*
(3),-(4) = 12.6 < 28.9

(3)-(5) = 41.5 > 35.3*

(3)-(6) = 70.2 > 39.4*

(3)-(7) = 71.9 > 42.3*

(4)-(5) = 28.9 = 28.9 (borderline)

(4)-(6) = 57.6 > 35.3*

(4)-(7) = 59.3 > 39.4*

(5)-(6) = 28.7 < 28.9 (borderline)

(5)-(7) = 30.4 < 35.3

(6)-(7) = 1.7 < 28.9

where the asterisk indicates significance at the 0.05 level. This shows
that the 155mn 11C smoke is significantly better than all the other types
of smoke rounds. The 4.2 inch WP and 155mm WP were significantly better
than the 81mm WP, 105mm WP, and 60mm WP. There was no significant dif-
ference between the 4.2 inch WP and the 155mm WP. The 105mm 11C was
significantly better than the i05mm WP and the 60mm WP.

Since the observation positions and the number of rounds fired
did not significantly affect the time of obscuration at the 0.05 levelof significance, the obscuration data can be combined. As previously
discussed, most (50 percent) treatments were not significant at the 0.25
level and 38 percent were not significant at the 0.10 level. By combining
the data, an average time to obscuration and time of obscuration for
each type of smoke round can be obtained for one to six rounds fired.
The distribution of observation times associated with each type of
round was found to be random for the sample of distributions tested.
The average (U) and the sample standard deviation (S) for each type of

round tested is shown in Table 3.4. In the second and third columns of
the table, the first number refers to the time to obscuration, and the
second refers to the time of obscuration, both in seconds.

TABLE 3.4 Mean (ii) and Sample Standard Deviation (S)
of the Combined Data for Each Type of Round.

Type Mean Time (Seconds) Sample Standard Deviation
Round to Obscure/Obscured (Seconds) to Obscure/Obscured

155 11C 45.5/120 29/42.2
4.2 WP 19.6/107.1 22/86.2
155 WP 38.5/101.3 41.6/73.5
10S HC 37.1/93.5 29.7/75.7

81 WP 28.4/41.3 12.2/13.6
105 WP 17.2/22.9 11.7/14.6
60 WP 9.8/17.9 7/15.7
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The results shown in 'fable 3.4 follow the same pattern exhibited
by the DRAGON IR tiack line and dayscope data examined in AMISAA Technical
Report 183. This report showed that, in general, the time of obscura-
tion from the most to the least obscuration was in the following order
for the average six round missions (DRAGON dayscope): 155mm HC, 4.2 inch
WPI, 155mm WP, 105mm HC, 81mm WP, 105mm WP, and 60mm WP. The same order
of obscuration was shown by the IR track link, with the 155mm WP and
105mm HC interchanged. However, the 4.2 inch WP, 155mm WP, and 105mm
HC exhibited similar capabilities, with the associated obscuration
times being very close. As shown in the Newman-Keuls range test, there
were no significant differences in the obscuration capabilities of these
three types of rounds at the 0.05 level of significance. The biggest
difference occurred in the time to obscuration after round impact. The
4.2 inch WP build-up time was about half that associatad with the 155mm
IVP and the 105mm HC smoke rounds.

Figure 3.23 shows the data presented in Table 3.4 graphically.
In this way, one is more readily able to perceive the behavior of the

smoke. This chart shows the average time to and time of obscuration
fur each type of smoke round. The standard deviation is recorded be-
side each bar on the graph as + S. This graph should be useful to
personnel in the field. To use this chart, the dividing line between
the build-up time and the obscuration time is taken as the time of impact.
Going left from this line will give the time from impact to obscuration.
For example, the mean build-up time for the 4.2 inch WP is about 20 seconds
with a 20 second standard deviation. Going right from the dividing line
shows the time of obscuration. In this example, the mean time of obscuration
is approximately 107 seconds with an 86 second standard deviation. The
average times (x) shown give an indication of the type of smoke required to ;

accomplish a mission during moderate wind conditions, average firing
accuracy, and good observer location in relation to the target and smoke
cloud. The longer (x + S) time to obscuration together with the shorter
(x - S) time of obscuration indicate the manner in which the smoke may
behave under adverse meteorological conditions, inaccurate round place-
ment, and poor observer location in relation to the target and smoke cloud.
The shotter (x - S) time to obscuration together with the longer (x + S)
time of obscuration indicate the smokc, behavior which may be expected if
there are favorable wind conditions and excellent round placement in
relation to the target and observer. Considering the large number of
variables present when dynamically firing smoke, the results presented

above should not be taken as absolute, but as an indication of the kinds
of results which may be expected when firing smoke. As indicated in
Figure 3.23, results can vary considerably.
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APPENDIX A

REDUCED OBSERVER DATA

The data on the following pages are the reduced observation data
which were used in the analysis contained in the report. These dataI

wore used in developing the time history of the average missions and

performing the Analysis of Variance for the effects of number of rounds,
types of rounds, and position of observers on the duration of smoke
obscuration.
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RIII)UCIE) OBSERVIIR DATA

Number Time to Obscure/Time Obscured
Type of (Seconds)

Mission Round I Rounds OPN OP3 Bunker 0116

4 155mm WP 2 5/40 5/80 60/60 180/240

5 " 9/80 5/15 30/90 315/0

6 ,, 6 4/58 55/- 60/90 60/360

7 6 3/125 5/110 30/210 45/1o5

8 " ...... 4 3/140 30/55 60/90 60/60

9 " 4 10/110 33/355 60/90 - 105/30

10 if 6 6/105 20/80 60/120 150/165

-13 of 2 2/100 10/30 0/60 9.0/1 .5 .

is 6 5/.6. 10/40 .6,o130 _90/105

18 "_4 5/70 - 0/60 75/90

21 6 60/40 - 60/60 75/285

25 1 55mm HC 2 20/140 = 25/50 30/135

26 2 30/105 35/70 30/75 15/90

31 " 2 - 90/60 10/147 60/75

31A 2 50/125 65/40 40/120 30/120
32 2 50/130 225/125 15/220 15/150

33 2 85/145 70/120 20/175 -

37 2 15/165 35/75 5/55 -

38 " 2 95/105 90/90 20/130 45/120

38A 4 100/120 80/130 60/175 30/225

3( 6 60/155 55/125 20/150 30/9()

40 6 100/120 90/105 15/135 -

52 4.21nch WP 4 365/25 2/93 45/105 30/240

53 " 4 5/300 20/90 35/130 15/105

54 it 6 15/235 20/460 10/130 60/210

56 " 2 10/170 20/85 15/150 30/120

57 " 2 0/100 0/45 25/20 45/165

58 " 4 0/190 2/83 15/30 15/120

63 .,,_" 4 0/35 0/50 30/60 -

A
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REII)UCED OBSARVER DATA (Cont '()

"Number Time to Obscure/Time Obscured
Type of _____(Seconds)_____

Mission Round Rounds OPl OP3 [ Bunker O016

64 4.2Inch WP, 4(l dud) 15/15 8/45 0/45 30/75

67 " 2 - ._ - 0/45 105/45

68 " 2(1 dud) - - 5/40 30/75

69 4 7/50 5/65 10/35 45/60

70 " 4 _ 5/85 4/86 1s/- 75/105

79 105mm WP 6 15/30 - 1 /2 45/30

80 it 6 - -/15 30/15 -

81 " 4 15/45 30/30 25/15

84 it 2 15/15 15/10 5/10 -

85 " 2 15/30 30/45 5/10 15/15

86 " 4 14/26 15/10 10/15 15/45
87 "4 3/23 20/5 5/15 -

88 ,, 6 10/10 10/25-

89 26 2/43 50/10 10/15 -

90 " 4 30/55 30/20 5/10 -

SQ6 " 6 15/60 20/15 10/15 -

95 105mm HC 2 10/65 0/240 75/105 75/90

96 "4 15/200 0120 30/90 15/75

97 " 4 20/75 60/60 75/"0 30/120

99 6 - 0/60 105/15 60/45

100 " 2 - 60/60 45/120 75/30

101 " 6 5/105 60/60 25/50 15/60

110 "_6 ....615/375 60/60 45/60 45/60
122 81ram WP 1 ... 15/25 -- . 15/.30 -

12.3 ,__. " 3 30/55 42/25 15/45 -

_124 "3 .,30/60 -

125 ". .6 - 35/5,0 7.

126 "6 - ..- 45,/40 -

137 60m W 1 - 5/0 0/0 -

62



... . ...

RI:,DUCEII OBSIiRVIR DATA (Cont'd)

7 Number Time to Obscure/Time Obscured
'.Type of (Seconds)Mission Round Rounds --O1 O13 Bunker 076-

138 60mmi WiP 3 0/35 - 5/5 15/15

139 " 3(1 dud) 15/15 - 15/20 -
140 " 6(1 dud) 10/40 20/5 15/20 15/15

141 " 6 0/60 - 10/25 15/45

142 " 3 -- 10/15 -

145 , 3 5/10 - 5/40 -

146 " 3(1 ( 'ud) - 15,/i 0-

147 " 6 0/0 - -/10

148 " 6(1 dud) 22/is - 5/30 -

_149_ "_ _. 3 18 5 -15

63 Next paige is blank.
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APPENDIX B

METEOROLOGICAL DATA AND CLOUD DIMENSIONS

The meteorological data and cloud dimensions for most of the
missions of battery/platoon size and greater which were used in the analysis
are contained in Table B~-1. The definition of terms used in the table are
listed below.

1. Temperature: The 3 readings are for temperatures (averaged
over the 3 meteorological towers) at heights of 1/2, 4, and 16 meters.

2. Wind Speed & Direction: The values shown are the averagesiat the 3 heights from the 3 meteorological towers.

3. Length: The effective distance with the wind. (Effective
implying visual obscuration).

4. Width: The effective distance perpendicular to the wind.

heiht. S. Height: a. For HG munitions this is the average effectiveI

b. For WP munitions this is the effective height.

6. Peak Height: a. For HG munitions this is the maximumI
effective height of the cloud.

b. For WP munitions this is the height of theI
pillars.

7. Time to Develop: Thie first number is time to intermediateI
cloud size, while the second number is time to develop to the size shown.

8. P = In this view, the smoke pillared i.e., no one large cloud.

9. ND: No Data.I 10. PTD: Rapidly Pillars to Dissipation.
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APPITNDI) X C(

FT. S ILL SMOKI TIiIST AMIIJN ITI ON

1. Projectile, 1555mm, Smoke tI, M1I61` (B1), w/o fuuze.

2. Projectile, 155mm, Smoke, W11, MI10E2, w/o fuze.

3. Cartridge, 105mm, Smoke, 1IC, M84B1, w/luze, M565.

4. Cartridge, 105mm, Smoke, IM, M60A2, w/Fuze, MS57.

5. Cartridge, 4.2 inch, Smoke, WP, M328A1, w/luzc, M48A3.

6. Cartridge, 81mm, Smoke, NIP, M37SA2, w/luze, M524A6.

7. Cartridge, 60mm, Smoke, WP, M302A], w/Puze, M527B1.

8. Charge, propelling, 15Smm
M4A2 White Bag
M3AN Green Bag

9. Primer Percussion, M82

10. Fuze, MTSQ, M1501 (for use w/Nillo BE rounds)

11 . Fuze, MTSQ, M564 (for use w/M1 10 NIP rounds)

N
'I

I1

6•7 Next page is blank. '
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